Energy barriers for HET-s prion forming domain amyloid formation.
The prion-forming domain comprising residues 218-289 of the fungal prion HET-s forms infectious amyloid fibrils at physiological pH. Because a high-resolution molecular model for the structure of these fibrils exists, it constitutes an attractive system with which to study the mechanism of amyloid assembly. Understanding aggregation under specific conditions requires a quantitative knowledge of the kinetics and thermodynamics of the self-assembly process. We report here the study of the temperature and agitation dependence of the HET-s(218-289) fibril nucleation (kn) and elongation (ke) rate constants at physiological pH. Over our temperature and agitation range, kn and ke increased 30-fold and three-fold, respectively. Both processes followed the Arrhenius law, allowing calculation of the thermodynamic activation parameters associated with them. The data confirm the nucleation reaction as the rate-limiting step of amyloid fibril formation. The formation of the nucleus appears to depend mainly on enthalpic factors, whereas both enthalpic and entropic effects contribute similarly to the energy barrier to fibril elongation. A kinetic model is proposed in which nucleation depends on the presence of an initially collapsed, but poorly structured, HET-s(218-289) state and in which the fibril tip models the conformation of the incoming monomers without substantial disorganization of its structure during the elongation process.